patients with pituitary adenomas secreting prolactin. Data obtained after longer follow up are obviously required, but our early results over five years using this approach are more encouraging than those of other groups.6 019 patients with prolactinoma before and after transsphenoidal microresection. Acta Endocrinol 1980;94:450-8.
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Abstract Seventy seven patients who were presumed to have a prolactinoma on the basis of biochemical findings underwent transsphenoidal operation between October 1977 and September 1983. Sixty one patients were found to have a microadenoma, and hyperprolactinaemia was cured in 46 of these, amenorrhoea in 39 (80% of those with the symptom), galactorrhoea in 32 (80%), and infertility in 31 (82%). Four of eight patients found to have a macroadenoma were also satisfactorily treated with surgery. Two patients had a lesion other than a prolactinoma, and in six a tumour could not be found at operation; four of these last eight patients had a normal serum prolactin concentration after operation. Recurrent hyperprolactinaemia was rare, occurring in only three patients in the series overall; among the 32 patients foliowed up for more than five years only two of the 22 whose operation had initially been successful developed recurrent hyperprolactinaemia.
Introduction
An operation on the pituitary is now widely accepted as the best method of treating acromegaly and Cushing's disease, but the management of tumours producing prolactin remains controversial. Series reported from Britain have concentrated on radiotherapy and treatment with dopamine agonists such as bromocriptine; surgery has to some extent been neglected and sometimes misrepresented.' 2 We have treated a consecutive series of 77 patients with hyperprolactinaemia by transsphenoidal operation. We have previously reported the laboratory diagnosis of prolactinoma,3 the radiological findings,4 the initial results of operation in the first 14 patients,5 the restoration of fertility and the outcome of pregnancy,6 and the factors affecting prognosis.7 This report provides an overview of the clinical and biochemical results and pays special attention to the long term outcome.
Methods
The patients included in this review each presented with amenorrhoea, galactorrhoea, or infertility. Each had a serum prolactin concentration that was persistently above normal and impaired responses to dynamic testing with thyrotrophin releasing hormone or metoclopramide.3 The serum prolactin concentration was estimated using a radioimmunoassay; the coefficient of variance of the assay was 5% within batches and 10% between batches, and our normal reference range for serum prolactin concentration was 60-360 mU/1. 3 Radiological investigation evolved during the years of the study. In each patient a plain x ray film of the skull was obtained, initially coupled with tomograms of the pituitary fossa. Each patient also underwent computed tomography. Orbital phlebography was used routinely to display the venous and arterial relations ofthe pituitary gland.8 Carotid angiography and metrizamide cisternography and ventriculography' were used selectively to clarify detailed anatomical abnormalities and were needed in only seven and BRITISH MEDICAL JOURNAL VOLUME 291 30 NOVEMBER 1985 eight patients, respectively. Dopamine agonists were used before operation by only 16 patients (11 with a microprolactinoma, four with a macroprolactinoma, and one in whom a prolactinoma was not found).
Operation was carried out by a transsphenoidal microsurgical technique. When a tumour was found a 1-2 mm rim of tissue at its interface with the normal gland was also removed. Preoperative histological studies were used to establish the presence of a tumour and the completeness of removal. The final diagnosis of a prolactinoma was based on the results of histological studies, including specific immunoperoxidase staining, and of hormone assays on cell cultures.
Patients studied
Between October 1977 and September 1983, 77 women with a presumed prolactinoma underwent transsphenoidal exploration. In 69 patients a tumour was identified; of these, 61 were microprolactinomas (defined as being <10 mm in diameter) and eight were macroprolactinomas (>10 mm in diameter). Two patients had another lesion, and in six patients a tumour was not found.
Within a month after operation the basal serum prolactin concentration was estimated at least twice and anterior pituitary function and reserve were tested by standard methods. These tests, and the response of serum EARLY POSTOPERATIVE RESULTS
Patients with microprolactinomas (n=61)
Hyperprolactinaemia-Before operation the serum prolactin concentrations ranged from 560 to 11 700 mU/1 (mean 2952 mU/1). One month after transsphenoidal operation 46 patients had a normal serum prolactin concentration.
Amenorrhoea-Forty nine of the patients had amenorrhoea when they presented; in 39 this was cured after surgery. Five patients had oligomenorrhoea before operation; each regained a normal cycle afterwards. In seven patients the menstrual cycle was regular before operation and remained so afterwards. Two patients had persistent postoperative amenorrhoea despite normoprolactinaemia, and in both tests with luteinising hormone releasing hormone showed a normal response of pituitary gonadotrophins to the appropriate stimulating hormone; one of the patients was grossly obese, and in both patients anovulation may have been due to hypothalamic dysfunction.
Galactorrhoea-Forty patients had galactorrhoea; in 32 this was cured by operation.
Infertility-Fifty one patients initially reported that infertility was a problem. After operation 13 of these patients changed their minds: 11 adopted various methods of contraception, one underwent hysterectomy for menorrhagia, and another became divorced. One other patient, in whom prolactin concentrations to thyrotrophin releasing hormone and metoclopramide, were repeated at varying intervals in individual cases. This report is based on the data available up to the period October to December 1984. Thus the minimum possible follow up period was one year and the maximum seven years (mean 3-6 years). Forty eight patients had been followed up for three or more years and 32 for five or more years. Three patients moved away from Glasgow and so could not be followed up long term. Two had a normal serum prolactin concentration after operation, and in one the concentration remained normal for at least one year. The third patient had a raised serum prolactin concentration of 530 mUII after operation.
Results TOTAL SERIES Table I shows the overall early and late results for the 77 patients. Normal prolactin concentrations were found in 53 patients after operation and persisted in 21 of the 23 patients with normal prolactin concentrations after operation followed up for more than five years. normoprolactinaemia and apparently normal ovulatory menstruation were restored, developed a premature menopause at the age of 39. This left 38 patients who could be considered to be attempting to become pregnant. Of these, 31 were successful, and in the remaining seven a rise of plasma progesterone concentrations >20 nmol/l (6-3 ng/ml) was shown during the luteal phase of the menstrual cycle, providing evidence of ovulation. 12 Patients with macroprolactinomas (n =8) Table II summarises the information about the patients with macroprolactinomas. They separated into two groups. Four patients had a preoperative serum prolactin concentration between 2000 and 5000 mU/l; in each of these the clinical problem was cured, and the serum prolactin concentration was restored to normal in three and almost to normal in one. In two of these patients the tumour was partly cystic, and this may explain the discrepancy between its size and the fairly low serum prolactin concentration. The remaining four patients had much more severe hyperprolactinaemia. Although in three the serum prolactin concentration was substantially lower after operation, in none did it reach normal. Remission of some of these patients' symptoms occurred after treatment with bromocriptine.
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Patients in whom a prolactinomra was not identified (n=8)
In one patient the pituitary contained tissue consistent with a diagnosis of sarcoidosis; another had a small chordoma that had eroded into the pituitarV from the sphenoid bone. In both patients the serum prolactin concentration was in the normal range after operation and regular menstruation returned. Neither patient was seeking to become pregnant.
In the remaining six patients a tumour was not detected at operation and adenomatous tissue could not be found in the biopsy specimens taken. Two of these patients had a normal serum prolactin concentration after operation, recovered ovulatorv menstrual function, and became pregnant. The remaining four patients still had hyperprolactinaemia; two became pregnant after treatment with bromocriptine, and two decided against attempting to conceive.
CONMPLICATIONS AFTER OPERATION
Complications of the operation were usually minor bruising of the face and transient numbness of the upper lip. A brief nasal discharge was common, but in only 12 of the 69 patients with prolactinomas was this thought to be cerebrospinal rhinorrhoea. In each patient this resolved rapidly, and none required further operation. The only serious complication was a mild meningitic svndrome caused by Staphylococcus albus. The patient responded promptly to antibiotics, was cured of hvpoprolactinaemia, and subsequently became pregnant.
Endocrine complications were likewise few. Transient diabetes insipidus was observed in seven patients, and 11 patients developed growth hormone deficiency. Only three patients received replacement treatment with cortisol after the immediate postoperative period, and two of these showed normal function of the hvpothalamic pituitary adrenal axis when tested two and six years later; the other patient moved away from Glasgow and was not retested. Secondary hypothyroidism developed five years after operation in one patient.
PRE( URRENI HY1ERI'ROLACTINAEMIA
Only three patients (40o/ of the total series) showed evidence of recurrent persisting hyperprolactinaemia. Each had a microprolactinoma, and recurrence occurred at three, 19, and 24 months after operation. These patients were discussed in a previous paper. One patient (patient 3 in table 2 of that paper) was later reviewed. She still had mild hyperprolactinaemia (420 mU'l) at three years but was menstruating and apparently ovulating. She had not become pregnant, and laparoscopy showed the presence of extensive endometriosis. Each of the three patients underwent high definition computed tomographv, which showed a small pituitary gland without evidence of an adenoma.
Four other patients had a transient rise in serum prolactin concentration; in three of these patients this subsequently reverted to normal without specific treatment. The fourth had late secondary hypothyroidism, and after treatment of this the hvperprolactinaemia resolved.
I'ATIENTS FOLLOWED UP FOR ILONGER THAN FIVE YEARS
Thirtv patients who haid a prolactinoma (28 with microadenomas, two with macroadenomas) were tollowed up for more than five vears after operation. Ten of thcsc patients had hyperprolactinaemia at follow up. In eight this reflected the failure of the initial operation to reduce the serum prolactin concentration to entirely normal values. Of 22 patients with an initially successful operation, only two had recurrent hvperprolactinaemia.
Twenty one of the 30 patients wished to become pregnant; 17 were successful as a rcsult of operation, and in two further patients pregnancy occurred after treatment with bromocriptine. Thus 19 of the 21 became pregnant.
Discussion
The successful early postoperative results in this series are comparable with those in other large series of patients treated by operation. The prospect that an effective operation also leads to a permanent cure has been one of the main arguments advanced for using operation as the primarv treatment for a prolactinoma. In this series recurrence of hvperprolactinaemia was indeed rare after an initially successful operation. Our findings therefore contradict the doubts about the long term efficacy of surgery recently raised by a much quoted paper from Montreal.
In the present study sustained hyperprolactinaemia had returned five years after operation in only two (9%) of 23 patients who hadnormal prolactin concentrations immediately after operation (95% confidence interval 2%-27%). This is in sharp contrast to the report by Serri et al of recurrence of prolactinomas in 16 (55%) of 29 patients (95% confidence interval 370)/o 73%).!" This difference in the incidence of recurrence is significant (X 14; df= 1; p<0001). Other surgical reports also quote incidences of recurrence lower than that in the Montreal review: 170°/ after five years'; 18(/( after a mean of four and a half years, and 24% after a mean of five and a half years (E R Laws, M J Ebersold, D G Piepgras, C F Abboud, R V Randall, B W Scheithauer. The role of surgery in the management of prolactinoma. Meeting on prolactinoma, Charlottesville, 1984).
The unrepresentatively high incidence of recurrence in the report of Serri et al may reflect several factors. "' Their study was based on a selected subgroup of 44 out of a total of 105 patients who underwent operation, and all the patients with recurrent hyperprolactinaemia were treated before 1975. Since then surgical techniques have evolved and the importance of excision of the capsule of the tumour cavity and of perioperative histological studies has been recognised. Furthermore, in four cases it was not known if the hyperprolactinaemia was sustained, because treatment with drugs had been started. None of the 16 patients had radiological evidence of regrowth of tumour, and only eight had clinical evidence of reproductive dysfunction in the form of amenorrhoea or galactorrhoea. One of the patients who had asymptomatic hyperprolactinaemia was later found to have a normal serum prolactin concentration and even became pregnant without treatment.
The finding in all series of a high rate of success in patients with a microprolactinoma highlights the need for reliable identification of such tumours. Unfortunately, none of the biochemical or radiological tests available provides a completely reliable guide. A benefit of our reliance on biochemical criteria was the finding of a microprolactinoma in many patients who had a normal pituitary fossa. The price was that six patients had an operation that did not disclose disease in the pituitary; none of them suffered ill effects, and two became fertile without further treatment.
Macroprolactinomas are easy to diagnose but commonly adhere to and infiltrate the structures surrounding the fossa; they are therefore more difficult to treat, whatever treatment is used. Nevertheless, a satisfactory result was obtained in four of our eight patients with a macroprolactinoma; indeed, cure was usual when the serum prolactin concentration was <5000 mU/l. None of the patients with a prolactin concentration >10 000 mU/l was cured postoperatively. In such cases transsphenoidal decompression may facilitate medical treatment and protect against enlargement of the pituitary during pregnancy. ' Alternative methods of treatment of prolactinomas each have their enthusiastic advocates. Dopamine agonists, especially bromocriptine, are clearly effective in suppressing hyperprolactinaemia.
Although a permatient effect has been claimed,"' most regard this treatment as effective only while it is being taken. Recent reports from Leeds" and Newcastle4 reviewed 36 and 30 patients, respectively, after bromocriptine was stopped. A sustained reduction in the serum prolactin concentration occurred in only a few patients, and the concentration was maintained within the normal range in only three (5%). The results of treating prolactinomas by intrapituitary implantation of yttrium were disappointing, and the serum prolactin concentration was restored to normal in only two of 21 patients (10%).' We have previously criticised claims about the benefits of external radiotherapv," which does not have a dramatic short term effect on the serum prolactin concentration."' The reports of psychiatric complications after long term treatment with bromocriptine'-and the occurrence of pituitary apoplexyv8 emphasise that each treatment has its side effects. The Exactly 300 years ago, in 1685, two brothers quarrelled over a "worthless woman" and fought a duel in Southampton Fields. The spot has since become familiar to visitors to BMA House under the name of Tavistock Square. In their frenzy the brothers trampled the grass until one of them fell mortally wounded in an agonised posture on the ground. The woman meanwhile watched them from a nearby bank. According to legend the depression made in the ground by the dead brother's body and their footmarks in the turf were visible as bare hollows a century later. A letter dated 1778 and published in the Gentleman's Magazine in 1804 recounts the story and tells how the traces remained on the ground despite attempts to obliterate them by ploughing. The writer of that letter had visited the spot and there saw, in addition to the duellists' traces, a hollow where the woman was supposed to have sat watching them.
This account of the legend comes from a delightful book by Jennifer
Westwood, recently published, Albion: a guide to legendaTy Britain (Granada, £12 95). As befits an author who is a graduate of both Oxford and Cambridge her text is scholarly and precise, and she includes interesting comparative data. She notes for instance that the underlying theme of this legend was at one time commonly believed, namely the imprinting of the ground by the footsteps or bodies of people who had committed a crime there. Nor need the legend die yet. For she describes how she too visited the spot where the duel was fought-now the southwest corner of the lawn in Tavistock Square -and tells us: "I am happy to report that there are bare patches there which could be taken for footprints." The curiosity to see these patches was also too much for me, so on a visit to BMA House a few weeks ago I visited the fatal ground. And I am delighted to say the patches are still there, irregular depressions partly bare of grass, where the brothers fought and one of them died under the gaze of the "worthless woman. -T D V SWINSCOW, Devon.
Straightening up for the cup I was always slightly bandy, but a rugger accident in my student days, and the subsequent arthritis which developed, produced a remarkable increase in the bowing. When both my feet were touching each other you could almost kick a football between my knees. Friends could recognise me half a mile away by my legs, and some would inquire when I had been a jockey. Recently a knee replacement has produced a leg as straight as a ballet dancer's, but when walking I have a mild list to port and my wife hardly recognises me a hundred yards away. The benefits of a knee replacement are not immediately apparent. Unlike after a hip operation recovery of full function takes several months and the patient must dedicate himself to a routine of ice packs, physiotherapy, and a good deal of patience. My surgeon tells me I shall probably be able to play golf next spring, but in the meanwhile I can practise chipping and putting. (A proficiency in these departments of the game is especially valuable to elderly golfers who cannot compete with the long shots launched by younger men.)
Hip replacement patients have an exclusive golfing society and converge on the Royal Berkshire or some comparable course for an annual meeting, all wearing a special tie and zealous to win the competition. Knee replacements are at present relatively few compared with the assembly line flow of hip prostheses. For this reason I propose to suggest that at this stage a wealthy member of my club should present a cup for members who have had a knee replacement: the match to be played over five holes, preferably from the ladies' tee, and on ground as level as a cricket pitch. By the springtime I shall be, I hope, a deadly chipper and putter, and as at present I am the only player eligible to enter this competition there is a strong probability that I shall win the trophy. I have waited a long time to see a silver cup gleaming on my sideboard.-PETER BEATTIE, Norwich.
